Abstract-
INTRODUCTION
Plants and their products have been used for many years for human health. There are still many plants which have various medicinal values but still not explored and used. Plants contain many novel compounds with medicinal values which need scientific exploration. The free radicals are produced in aerobic cells due to consumption of oxygen in cell growth (Barros et al., 2007; Singh et al., 2007) . Free radicals cause decrease in membrane fluidity, loss of enzyme receptor activity and damage to membrane protein leading to death (Li et al., 2007) . These free radicals are involved in different disorders like ageing, cancer, cardiovascular disease, diabetes, rheumatoid arthritis, epilepsy & degradation of essential fatty acids (Barros et al., 2007; Singh et al., 2007) . Antioxidant helps in treatment of above disorders. Antioxidants may be defined as substances whose presence in relatively low concentrations significantly inhibits the rate of oxidation of the target within the biological systems (Lai et al., 2009 ). According to Geethakutty et al. (2004) Njavara is a good antioxidant. No other medicinal rice is used in the world as widely as Njavara in Ayurveda. Its importance as a health food offers opportunity to establish niche global market. 'Ashtanga Hridaya' describes two types of Njavara-black and white. According to the farmers and healers it is a precious gift from God to the "God's own Country" Kerala. Njavara rice, with a distinct gene pool and medicinal properties, can be exploited as nutraceutical rice (Deepa et al., 2009; Sulochana and Bakiyalakshmi, 2011) . Studies related to antioxidant activity in Njavara rice are rather limited. So the present study is an attempt to investigate the above said indicators in comparison with a short duration non-medicinal variety, Hraswa. Where, Abscontrol = absorbance of DPPH solution (blank) and Abs sample = absorbance of sample. The IC50 of each sample (concentration in µg/ml required to inhibit DPPH radical formation by 50 per cent) has also been calculated.
II. MATERIALS AND METHODS

b.
Hydroxyl radical scavenging activity In order to assess the hydroxyl free radical scavenging activity of the methanolic extracts of the rice samples, the deoxyribose method was used, as described by Halliwell et al. (1987) , with some slight modifications. The reaction mixture contained phosphate buffer (20 mM, pH 7.4), 60 mM deoxyribose, 10mM Hydrogen peroxide, 1 mM ferric chloride, 1.04 mM EDTA, different amount of powered samples and the final 2mM ascorbic acid. The reaction mixtures were incubated for 1hr. at 37°C, after which 17 mM trichloro acetic acid (TCA) was added. The mixture was then boiled for 15 minutes, ice cooled and measured for absorbance at 532 nm. Distilled water in lieu of extract was utilized as blank and the sample solution without added deoxyribose was used as a sample blank.
c.
Superoxide anion radical scavenging activity Superoxide anion scavenging activity was measured based on the method described by Robak and Gryglewski (1988) . Superoxide radicals were generated in a PMS-NADH system via the oxidation of NADH and then assayed by the reduction of nitro blue tetrazolium (NBT). The superoxide radicals were generated in reaction mixture containing sodium phosphate buffer (100 mM, pH 7.4) containing 150µM NBT, 468 µM NADH solution in sodium phosphate buffer and different concentrations of methanolic extracts of the samples. To this 60 µM phenozine metho sulphite (PMS) solution was added. The reaction mixture was incubated for 5 minutes at 25°C and the absorbance was measured at 560 nm.
d.
Reducing power assay
The reducing power assay was carried out by the method of Oyaizu (1986) . Different concentrations of the methanolic extracts of the samples were taken in different test tubes. To the test tubes 2.5 ml of sodium phosphate buffer and 1 per cent potassium ferric cyanide solution was added. These contents were mixed well and were incubated at 50°C for 20 minutes. After incubation 10 per cent TCS was added and were kept for centrifugation at 3000 rpm for 10 minutes. After centrifugation, supernatant was taken, and to this equal amount of distilled water was added. To this 1 per cent ferric chloride was added and was incubated at 35°C for 20 minutes. The O.D was taken at 700 nm and the blank was prepared by adding every other solution but without extract (sample) and ferric chloride (0.1 per cent) and the control was prepared by adding all other solutions but without extract.
e. Total antioxidant activity For total antioxidant assay various concentrations of methanolic extracts of the rice were mixed with 1 ml of the reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The reaction mixture was incubated in a water bath at 95°C for 90 minutes. After cooling to room temperature, the absorbance was measured at 695 nm (Preito et al., 1999) .
Total phenols Method suggested by Sadasivam and Manickam (1992) were used for estimating total phenols. h. Selenium (Se) The samples were powdered and digested in concentrated nitric acid in a microwave digester. Se content of the digest was estimated in AAS using hydride vapour generator.
III.
RESULTS AND DISCUSSION a) DPPH radical scavenging activity DPPH is a free radical compound which has been extensively used to determine the free radical scavenging is considered good invitro model widely used to assess antioxidant efficacy within a very short time (Marxen et 
ml). b) Hydroxyl radical scavenging activity
The hydroxyl radical is a very reactive oxygen species (ROS) with a short half-life, and is considered to be responsible for much of the biological damage inherent to free radical pathology (Hochestein and Atallah, 2008) . This radical has the ability to cause strand breakage in DNA, which is a contributing factor to carcinogenesis, mutagenesis, and cytotoxicity. Moreover, hydroxyl radicals have been identified as one of the rapid initiators of the lipid peroxidation process, via the abstraction of hydrogen atoms from unsaturated fatty acids (Kappus, 2003) . In the present investigation, NY showed the highest hydroxyl radical scavenging activity with an IC50 value of 46.00 µg/ml) followed by NB (IC50 value of 55.68 µg/ml) and Hraswa (control variety) had IC50 value of 60.78 µg/ml (Fig. 2) . Ascorbic acid was used as reference compound and its IC50 value was 3.90 µg/ml. Similar findings were reported by Smitha (2012) . c) Super oxide anion-radical scavenging activity Over-production of superoxide anion radical has long been known as the starting point of ROS/RNS accumulation in cells, contributing to redox imbalance and other associated deleterious physiological consequences (Pervaiz and Clement, 2007) .
Results of the present study revealed that among the three rice varieties NB showed the highest value for superoxide activity. The IC50 value of NB was 48.78 µg/ml, whereas NY has an IC50 value of 55.43 µg/ml and Hraswa control variety had an IC50 value of 60 µg/ml (Fig. 3) . IC50 value of control was 3.90 µg/ml. Similar findings were reported by Smitha et al. (2012) .
d) Reducing power assay
The reducing ability of a compound generally depends on the presence of reductants which exhibited antioxidative potential to break the free radical chain reaction by donating hydrogen atom (Venkataswamy et al., 2010) .
Present investigation showed that as the concentration increased from 100 µg to 500µg/100ml, the reducing power of all the rice varieties increased and the highest reducing power was shown by NB (Fig. 4) . A study on the antioxidant and anti-proliferative activities of methanolic extracts from Njavara rice bran extracts increased with the increasing concentration, which is in line with the present investigation and Njavara rice bran extracts showed the highest reducing power when compared to other rice varieties (Rao et al., 2010) . e) Total antioxidant activity According to Evans and Miller (2004) total antioxidant activity is based on the antioxidant potential of pure compounds to quench and inhibit the formation of a coloured radical cation produced by the action of the reagent solution. In the present study, the rice samples showed an increase in the total antioxidant activity with the increase in concentration from 20µg to 100µg/100ml. Even though all the rice varieties have shown an increase in the total antioxidant with increasing concentration, but among the three rice varieties, NY had shown the highest total antioxidant activity (Fig. 5) . Rao et al. (2010) reported similar findings that total antioxidant activity of Njavara rice bran extracts increased with increase in concentration and also highest among the different varieties studied. f) Total phenol content 0.079 ** Significant at 1 % level * Significant at 5 % level Polyphenols are major plant compounds with potential antioxidant activity. This activity is believed to be mainly due to their redox properties, which play an important role in absorbing and neutralizing free radicals, quenching singlet and triplet oxygen or decomposing peroxides (Petti and Scully, 2009; Han et al., 2004) . Present study revealed that among the three rice varieties NB had the highest total phenol content (0.41 mg/100g of rice). Rao and co-workers (2010) in Njavara rice bran reported that total phenolic content of Njavara is significantly high when compared to Jyoti, Yamini and Vasumathi. In the case of NB and NY, Zn content was slightly higher in NY than NB. Similar results were reported by Hossam et al. (2010) .
Selenium is a component of the unusual amino acids selenocysteine and selenomethionine. In humans, Se is a trace element nutrient that functions as co-factor for reaction of antioxidant enzymes, such as glutathione peroxidases and certain forms of thioredoxin reductase found in animals and in some plants (ipi.oregonstate.edu). The present study revealed that control variety Hraswa had the highest Se content (7.41µg/ml). According to Morris and Levander (1990) polished rice had a Se content of 0.334 µg/gm of rice. IV. CONCLUSION A study was conducted to assess the antioxidant activity of medicinal rice (Oryza Sativa L.) cv. Njavara and the results revealed that among the three rice varieties selected NY had the highest DPPH activity and hydroxyl radical scavenging activity with an with an IC50 value of 31.62 µg/ml. and 46 µg/ml respectively. NB (IC50 value of 48.78 µg/ml) showed the highest superoxide anion radical activity and reducing power. Highest total antioxidant activity was shown by NY. Among the three rice varieties, NB had the highest total phenol content. And regarding the Se content control variety Hraswa had the highest value.
